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Abstract 
Air pollution by the aerosol particles was evaluated in a case study site located east of Algiers in Algeria in North Africa. The 
location was influenced by road traffic emissions. The measures, by size distribution, were done using a HVS-PM-10 sampler 
equipped of cascade impactors in four levels (brand Andersen). The results showed that air pollution by the inhalable particles 
(PM-10), the alveolar particles (PM-2.5) and the very fine particles (PM-1) was very high. The average content in PM-10 rose to 
75.2µg/m3. With a content of 36.1µg/m3, the alveolar particles PM-2.5 constituted in mass about 48% of the PM-10. More than 
1/3 of the PM-10 consisted of a very fine fraction of the PM-1. The PM-10 followed a bi-modal distribution. There was a 
correlation between the very fine and alveolar particles.   
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  ISWEE’11 
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1. Introduction 
Several studies conducted in recent years in Europe and especially in the USA showed that fine particles in urban 
areas represent a major indicator of air quality [1-3]. In particular, fine particles which have a vast range of effects 
on biological systems and human health [4 and 5]. Several countries have recently revised the existing air quality 
standards or proposed new regulations. In Algeria, current studies have shown that the capital Algiers, like any 
major city, is confronted with severe air pollution problems [6 and 7].  
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The main emission source is road traffic. Previous work on inhalable particles [8] has been performed in our 
laboratory; as well as air pollution by fine particles by size distribution and assessing the pollution levels of PM-10, 
PM-2.5 and PM-1 achieved at Algiers in site influenced by emissions from road traffic. 
In the current study, air pollution by the aerosol particles was evaluated in a case study site located in the east of 
Algiers in Algeria. 
Nomenclature 
TSP  Total suspended particles
PM Particles matter
PM-10 Inhalable particles
PM-2, 5 Alveolar particles 
PM-1 Very fine particles
NPS National polytechnic school 
WHO World health organization 
NR National road 
EPA Environmental protection agency
HVS High volume sampler
AAS Atomic absorption spectrometry
MFC Mass flow controller
D50 Median diameter
2. Methodology
2.1. Case study sampling site  
In order to study the magnitude of air pollution by different size distributions of aerosol particles, we selected a 
site in the city of Algiers in Algeria as presented in the European classification that is directly influenced by 
emissions from road traffic [9]. Such site allows access to maximum levels of pollution that an urban population can 
be exposed. The selected site where measures were carried out was located at the National Polytechnic School, 10 
km in the east of Algiers. The sampling station was located at an altitude of 4m and 9m from the edge of the NR n°5 
(National Road). In 2000, the major highway had a volume of 25,000 vehicles per day with approximately 15% of 
them buses and heavy diesel vehicles [10]. The case study site was characterized by the absence of obstacles and 
good natural ventilation. In addition, there were no industries nearby which could emitting particles and thus 
interfere with assessment of the effect of air pollution due to road traffic. 
2.2. Sampling mode 
For the measurements by size distribution, a high volume sampler, the HVS-PM-10 equipped of cascade 
impactor (brand Andersen) with four levels was used. The device shown in Figure 1 was composed of three main 
parts: 
• The High Volume Sampler (HVS) which represents the body of this sampler consists mainly of: 
- An air aspiration turbine ; 
- Levels of selection that are use as filters racks in order to sort the particles by size; 
- An electronic flow controller, MFC (Mass Flow Controller), which maintains a constant flow of air aspiration. In 
case of clogging of the media filter, the MFC acts on the engine power by the electronics regulation of the voltage.  
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• The selectively top of PM-10 which is the area of 10 µm fragmentation by direct impact. This direct impact is 
based on the aerodynamic effect induced by the presence of 9 circular nozzles positioned above a smooth impaction 
surface.  Particles below the cutoff of 10µm are driven by the air flow through the nozzles and collected on the filter. 
While larger particles deviate from the flow and impacting on the flat surface of impaction due to their higher 
inertia. In order to avoid re-entrainment of coarse particles, the impact surface is greased by silicone oil and cleaned 
regularly. 
• The Anderson cascade impactors allows for a measure of particles by size distribution; it has four levels and offers 
access to the 5 size classes: 10 to 7 µm, 7 to 3 µm, 3 to 1.5 µm, 1.5 to 1 µm and below 1 µm (Figure 2).  
The flow rate was set at 1m3/min. The sampling time was 24 hours. 
Fig. 1. HVS-PM-10 sampler with Andersen cascade impactors for the collect of PM-i 
2.3. Processing and analysis of samples 
     The particles were collected on membranes filters, fiberglass Whatman 20 x 25 cm for the final filter and 10 x 
12cm for filters of the levels of cascade. In order to determine the content of PM-i, the size of each floor filters are 
weighed before and after collect at a precision of 0.1 mg.  
The atmospheric concentration of PM-i was expressed in µg/m3. 
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Fig. 2. Support levels of the Andersen cascade impactors and size distribution collected. 
3.  Results and discussions 
     The study of fine particles was conducted over a year (July 2002-June 2003) at rate of 7 to 8 samples per month. 
Each collection comprised normally 5 fractions of particles corresponding to the five levels. In order to save on the 
consumption of filters, we used only 3 to 4 levels with alternated size cutoff. A total of 75 daily measures were 
completed which allowed us to collect more than 240 fractions size distribution from which the different classes’ 
levels of PM-i were calculated. 
      Qualitatively, it was observed that the loaded filters were black, which suggested that these particles were 
mainly composed of soot and unburned emissions from road traffic (Figures 3 and 4). Figures 3 and 4 illustrate the 
polluting charge and color filters after 24 hours sampling. 







Filter 1: 7<d<10 µm 
Filter 2: 3<d<7µm 
Filter 3: 1.5<d<3 
µm
Filter 4:   
1<d<1.5 µm 
Big filter:  d<1µm 
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Fig. 4. Photo of the terminal floor filter of the cascade impactor charged by the polluting charge of PM-1. 
3.1. Level of pollution by aerosol particles 
The measures made by size distribution allowed to reach the levels of PM-10, PM-7, PM-3, PM-1.5 and PM-1. 
The average and extreme levels of these various fractions are summarized in Table 1. Also, the temporal evolution 
of the levels of PM-10, PM-3, and PM-1 measured is shown in Figure 5. It was noted that the daily particle contents 
fluctuated widely. This was due to, firstly, to variations in the intensity of traffic, and secondly to the meteorological 
influences (i.e. the speed and direction of the wind). The mean levels of particle sizes PM-10, PM-3 and PM-1 were 
75.2µg/m3, 40.3µg/m3 and 25.9µg/m3, respectively. 
    
Fig. 5. Temporal evolution of levels of PM-1, PM-3 and PM-10 measured in Algiers. 
      The contribution by mass percentage, of different sizes distributions for all inhalable particles is illustrated in 
Figure 6. This distribution shows that are mainly the fraction of very fine particles (d <1µm) and to a less extent the 
fraction of moderately coarse particles (3<d <7µm) represent the higher mass fractions (i.e. respectively 30 and 
29%).   
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     It was also noted that more than the half of PM-10 (52%) were alveolar particles with a diameter less than 3 µm. 
Less than a third of the PM-10 that consisted of very fine particles with diameters smaller than 1µm.  
Table 1. . Mean and extreme levels in µg/m3of PMi measured in NPS (Algiers). 
PM-i Mean Maximum Minimum Ratio 
 PM-i/PM-10 
PM-1 25.9 54.0 7.71 0.34 
PM-1.5 32.3 51.0 11.2 0.43 
PM-3 40.3 74.5 10.3 0.54 
PM-7 63.5 114.1 34.0 0.84 
PM-10 75.2 133.8 37.0 1 
Fig. 6. Mass distribution of the collected particles by size distribution. 
      The contents of the alveolar fraction (PM-2.5) were determined graphically from the diagram log-probability of 
cumulative mass. 
3.2 Statistical analysis of atmospheric levels of aerosol particles 
The determination of the d50 diameter was done graphically on a log-probability diagram, the diameter of 
particles  (y-axis logarithmic scale) and percentage of the aggregate mass of particles with a diameter ≤ di (x-axis 
scale probability) were calculated.  
Figure 7 shows the log-probability graph (100 - cumulative mass in % according to floor diameter). The median 
aerodynamic diameter d50 obtained from the right of the graph was 2.6 µm. It means that 50% of the mass of PM-10 
particles had a diameter less than 2.6 µm.  
From the log-probability diagram of Figure 7, we obtained for the PM-2.5 an average grade of 36.1µg/m3. This 
content represents 90% of PM-3. The study of PM-3 is therefore a very good approximation for evaluating the 
alveolar fraction (PM-2.5).   
As a result, the size distribution of PM-10 showed that fine particles of small size are predominant: the alveolar 
fraction (PM-2.5) constituted 48% of PM-10.  The fine fraction (PM-1) which was deposited in an irreversible way 
in the alveolar pouches constituted more than a third of PM-10 and about two thirds of PM-2.5.  
Overall, we found that in this urban site influenced by emissions from traffic, pollution by PM-10 and PM-2.5 
was very high. The threshold limits in force in the U.S. (15 µg/m3 annual average and 65 µg/m3 daily mean for PM-
2.5) and EU (25 at 40 µg/m3 for PM-10 and 15 at 25µg/m3 for PM-2.5) [2 and 11] were widely exceeded. 
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Fig. 7. Diagram log-probability of the cumulative mass of particles according to the diameter 
422  Nassima Oucher and Rabeh Kerbachi / Procedia Engineering 33 (2012) 415 – 4238 Oucher et al/ Procedia Engineering 00 (2011) 000–000 
Several studies have shown that the size distribution of atmospheric aerosols can be represented by a bimodal or 
sometimes trimodal distribution curve, [12-14]. The type of distribution can be shown when plotting the graph 
(∆m/∆Lnd) with regard to particle diameter di (in µm); ∆m is the mass of particles retained on a level of cascade 
impactor and ∆Ln d is calculated according to ∆Ln d = Ln d (floor i+1) – Ln d (floor i) [15].    
Total Suspended Particles have an assumed diameter equal to 30µm and their measured mass at the site of the 
NPS rises up to 79.9µg/m3 [16]. Based on this data, we obtained the distribution graph shown in Figure 8. This 
graph shows a bimodal distribution curve of fine particles from the Algiers case study site. The peaks are centered 
around diameters of 6 and 0.8 µm. Some studies reported similar distributions while other work that has studied a 
large number of size distribution especially in the range between 0 and 1 µm, obtain a trimodal distribution where 
the third mode appears at about 0.1 µm [17, 18 and 19]. It is clear that, with more levels of cascade impactor, we can 
obtain more details on the distribution. 
Fig. 8. Bimodal distribution of particles. 
4. Conclusions
This study assessed the pollution levels reached by different sizes distributions of fine particles for the first time 
in Algeria. The results showed that at the site, the mean atmospheric levels of PM-10, PM-3 and PM-1 were 
75.2µg/m3, 40.3µg/m3 and 25.9µg/m3, respectively. These levels are excessive and greatly exceed the standards in 
some countries. These particles are more harmful because over 50% of PM-10 are alveolar particles. Overall it was 
found that air pollution by fine particles in Algiers is worrying from the levels recorded. The magnitude of this 
pollution may be due to poor combustion as a result of older, poorly maintained, vehicles that are almost completely 
devoid of catalytic converters and fuelled almost entirely with leaded petrol.  
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